The use of hydrogen in fuel cells is considered by many researchers one of the most convenient methods for electric energy production, under environmentally. Hydrogen can be obtained from water or organic sources, among which are natural gas, petroleum naphtha and methanol. However, ethanol presents a great number of advantages over fossil fuels, because it is produced from renewable biomass, therefore almost neutral in terms of carbon dioxide (cO 2 ) emissions. Furthermore, it provides ease handling and storage, and less toxicity when compared to other organic sources. In this project, the process development was conducted through the following steps: modeling and simulation of reactive systems, with kinetics obtained from technical papers, adjustment of operational variables and analysis of the process efficiency.
INTROdUCTION
Among the alternative sources for energy production, hydrogen (H 2 ) deserves great attention. The use of hydrogen in fuel cells for electric energy generation is shown as a clean and efficient energy source. (camargo, 2004) In this context, the hydrogen production from ethanol obtained from renewable biomass fermentation has been considered, since this process is capable to solve two key issues: reducing the dependence on fossil fuels (oil and natural gas) and non-contributing to increase the emissions of carbon dioxide in the atmosphere, because the generated cO 2 is consumed during the growth of sugar cane. (Andrade, 2007) The development of a process route for ethanol steam reforming is based on studies on similar industrial processes, and new scientific techniques. This step aims to assess the conditions under which the process is viable in a technical point of view.
The block diagram of the process involves three steps: Steam Reforming, the Water-GasShift reaction and Selective Oxidation of carbon Monoxide (SELOX).
]
Figure 1 -block diagram proposed for ethanol steam reforming process.
MOdELING ANd SIMULATION
As the process occurs in vapour phase and the operating pressures are relatively low, its not expected high deviations from ideality. Therefore, the thermodynamic package used in the simulations was the pRSV (peng-Robinson Stryjek-Vera), which extends the application of the pengRobinson equation to moderately non-ideal systems.
The process comprises two major sections: steam reforming and product purification. The raw material used is 50% ethanol (volume), because it provides good hydrogen production, with a water/ethanol molar ratio that doesn't demand high energy expenditure for vaporization; and also contributes to energy saving while avoiding azeotropic distillation, that is usually made with solvents for anhydrous ethanol production.
Natural gas is used as fuel in the steam reformer because it has a high net calorific value and easy availability due to its distribution network. Operating temperatures are selected to ensure a good production of hydrogen with low methane content. The temperature evaluation was possible through a chemical equilibrium analysis of the reactions coordinates. As the fuel cell operates at 4.5 bar, the operating pressure should be able to overcome head losses in the process so as to ensure the hydrogen feed pressure in the fuel cell. The effect of the operating pressure in the chemical equilibrium is also evaluated.
The final product must meet the requirements for the supply in pEMFc. The maximum concentration of carbon monoxide is 10 ppm. The unit is compact and has a nominal capacity of 36 gmol/h of hydrogen.
STEAM REFORMING SEcTION
The steam reforming section consists of a steam reformer furnace/reactor, which is the main equipment of the unit. The reformer has several functions: to vaporize and superheat the feed, and perform the reaction in a fixed bed in order to produce hydrogen. The proposed kinetic route has the following pathway: First, ethanol decomposes into methane according to the following reaction:
This reaction is fast and complete, and also generates hydrogen as a product. Then, methane reacts with steam generating more hydrogen as follows:
The water-gas-shift reaction below also occurs inside the reformer, but in small amounts due its high operating temperature.
The reaction system is predominantly endothermic and therefore it is necessary to provide heat so as to ensure good yield to the process. Heat is supplied by burning natural gas.
The reformer model is based on the equations proposed by Davies and Lihou (1971) and Amadeo et al. (2008) , who used the LangmuirHinshelwood model to describe heterogeneous kinetics. According to this mechanism, the reactions occur only on the catalyst surface and not in the vapour phase. The rate of ethanol decomposition reaction and its kinetics parameters are described below:
(1) (2) The rates for methane steam reforming and water-gas-shift, r2 and r3 respectively, are described below. Davies and Lihou (1971) The concentrations profile along the reactor was obtained solving the mass balance. The results are shown in Figure 2 . Only one shift reactor was used in order to decrease the size of the unit. This reactor operates at 250ºc, which is a middle-term value between the operating temperatures of high and low temperature water-gas-shift reactors (RostrupNielsen, 2002) .
The water-gas-shift reaction rate is calculated through the following equations: (RostrupNielsen, 2002) (7) ( 8) The exponents may be different for each catalyst. The kinetic parameters shown in Table 3 were developed by Georgopoulous (2002) . Table 3 -Kinetic parameters of the water gas shift reactor. Georgopoulous (2002) The concentrations profile along the reactor was obtained solving the mass balance. The results are shown in Figure 3 . Three reactions take place in the selective oxidation reactor: oxidation of carbon monoxide (desirable), oxidation of hydrogen (undesirable) and reverse water gas shift (undesirable).
The kinetic model used for the selective oxidation reactor is a simplified homogeneous approach for the three reactions, where only the reverse water gas shift reaction is considered reversible. The reactions rate equations and kinetic parameters are given bellow: The oxygen / carbon monoxide molar ratio is around 1-1.5. The operating temperature is 199ºc. Using an isothermal model for the reactor is not an appropriate consideration. As a proposal it is possible to divide the reactor in two or more stages with inter-cooling between them, so that the reactor comes close to the isothermal model, where there is greater conversion of carbon monoxide. 
PROCESS EFFICIENCY ANd PERFORMANCE
The initial approach was to consider the effect of main operational variables, such as water/ ethanol molar ratio, steam reforming temperature and pressure on the chemical equilibrium. The system of reactions was studied with a mathematical modeling based on the following thermodynamic statements:
These equations allow evaluating equilibrium constant, molar fractions and reactions coordinates' dependence with the mentioned variables. A usual simplification is that for low pressure and high temperatures the vapour mixture is considered ideal.
(15) (16) According to the first principle of thermodynamics, the following energy balance is considered:
The pump and compressor efficiencies were both considered as 75%. The electrical power of unit is equal to energy generated from hydrogen produced in the process. It is calculated through the following expression:
The fuel cell electrical efficiency is 45%, based on common design values for low power systems. The nominal electrical power of the unit is 1kW. It was considered that the cell can handle with any amount of hydrogen with the same efficiency. It is possible to calculate the system power as the energy gap between the power generated in the unit minus it's electric energy consumption.
Therefore, the efficiency is calculated by the following equation:
PROCESS ExERGY
Exergy of a thermodynamic system is the maximum work that can be obtained taking the system into equilibrium with the environment through the reversible process. In a real process (irreversible), there is a balance of work that is not feasible, which gives a measure of the irreversibility of the process. Several works were proposed in order to define exergy.
Dincer and Rosen (1999) defined exergy as the maximum work that can be produced by a system, matter or energy flow until it reaches the equilibrium with the environment reference. Differently from energy, exergy is not subject to conservation law (except for ideal processes, reversible), because it can be dissipated ("destroyed"), due to irreversibilities of any real process. The consumption of exergy during the process is proportional to the entropy created due to irreversibilities (Santos, 2007) .
The exergy is similar to the Gibbs energy, but they have different meanings. The Gibbs energy is a state function of the system properties, however the exergy depends on pressure and temperature. Szargut et al. (1988) reported the main characteristics and comparative between energy and exergy. This comparison can be seen in Table  5 -1 (Santos, 2007): The exergy analysis consists essentially in identificate and quantificate the irreversibilities of the system, this can be applied by using the exergy input (inputs) and output (product and waste) in the system and calculating efficiency exergy of the system. The exergetic analysis of a system allows to express the energetic limits of different processes, such as technological, economic, environmental and social.
The exergetic function or exergy (Ex sp ) takes into consideration the difference of concentration and chemical potential between chemical species, electric and electromagnetic effects, etc. So, the following equation can be used (Silveira et al., 2003) : (21) where ex TD is the amount related to thermodynamic equilibrium, the kinetic ex K , ex p potential and ex cH to former chemist. These can be calculated as follow: (22) (23) (24) (25) Where the subscript "i" indicates a thermodynamic property at final condition of process, the subscript "o" in the initial condition, V is the velocity of a body, "g" is the acceleration of gravity, "z" is the height axis, "ex Q " is the standard exergy chemical of each substance and "R" is the universal gas constant. Then the equation 1 can be written as follow: (26) In the next table, are the standard exergy of the species involved in ethanol reforming The flow exergy of each species can be determined by exergy species multiplied by the mass flow of species in the process (27) The exergy efficiency of a process, can be determined using the flow exergy of the species that enter and leave of a process by the following equation: (28) To calculate the exergy efficiency of steam reforming of ethanol was considered the overall reaction process. The properties values of the species involved in the calculation were obtained from the software used for simulation. The thermodynamic model used was UNIQUAc. The temperature for the process was regarded as 800 ºc because this temperature is possible to consider a high degree of progress towards the overall reaction. The operating pressure of the reform is 5 bar. The following table shows the values of properties used in the calculation. The process has a high exergetic efficiency of 92%.
RESULTS ANd dISCUSSION
The unit is compact and has a 1 kW nominal power. The feed stream is 6mol/h of ethanol. The water/ethanol molar ratio defines the amount of make-up water that is necessary. The process yield and efficiency were evaluated. It is possible to observe an increase of hydrogen production by increasing the operating temperature of the reformer. Additionally, the effect of increasing the water / ethanol molar ratio shifts the chemical equilibrium for hydrogen production. The higher the molar ratio, the better is the result, while comparing at the same temperature. It is possible to achieve good hydrogen production by operating at low pressures, however, the fuel cell operating pressure doesn't allow low pressure reforming, unless there is a hydrogen compressing system at the of the process.
High operating temperatures minimizes the production of chemical intermediates such as methane but offers lower efficiencies. The option of high molar ratios of water / ethanol is used to reduce this effect and to improve efficiencies at a given temperature. This option in-creases the cost of unit, but makes the process more efficient. For an operating temperature exceeding 750° c and molar ratio water / ethanol equal to 6, the system presents satisfactory efficiency of 53.5%, where the power generated by the unit is around 1 kW. Figure 6 -process flow diagram. 
PROCESS dESIGN

ENVIRONMENTAL ISSUES
The evident need to reduce consumption of fossil fuels associated with the development of technologies that use renewable resources for electric energy generation, has attracted much interest from researchers in technologies for hydrogen production.
The incorporation of these technologies in urban centers has been well regarded since its use is not characterized by the emission of greenhouse gases.
currently, one of the major problems is the production of hydrogen in a sustainable manner. because its production process demands great amounts of energy, which should always be sourced from a sustainable source in order to provide conditions that may lead to the hydrogen economy. Thus, one of the best tools to get a complete overview of the process would be through the analysis of the life cycle for hydrogen fuel, in other words, the amount of cO2 emitted in the production of ethanol and the process of reforming of ethanol.
These calculations were made by LOREN-ZI, 2009 that reached the following values: for the reform of ethanol were produced 76.4 g of cO 2 per MJ of hydrogen produced, while reforming of natural gas were produced 57.6 g/MJ. From these values, the conclusion to be drawn is that the reform of natural gas is more advantageous compared to ethanol, however, the cO 2 emitted by the process of ethanol reforming is consumed during the growth of sugar cane.
In this case, we consider the emission of cO 2 in the process of ethanol steam reforming as null, taking this process to a level of extremely low environmental impact.
